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SECTION I

INTRODUCT JON

The goal of this nrogram has been the elucidation of discrepancies

between gains for stimulated Raman emission calculated from Q-switch laser

experiments and those calculated from spontaneous Raman scattering cross-sections

and l.ines widths. In principle, all of the features of stimulated Raman emis-

sion should be calculable from the lattar two quantitiesl’2

In practice, the
observed gains for stimulated Raman emission were often found to be some ten
times as large as those predicted from spontaneous Raman datas. The observed
thresholds for stimulated Raman emission were often found to be correspond-
ingly too lowh. It was suggested, by Townes and coworkerss, that perhaps the
anomalies were due to a beam~trapping phenomenon. If the intense electric
fields in a Q-switched laser beam increased the refractive index in the medium,
the beam would be trapped by total internal reflection. This would shrink the
entire beam down to a filament by a cumulative process.

Within the scope of tlie present contract, two lines of approach
were followed tu test these ideas. One was an extensive theoretical6 and
limited experimental7 study to explore beam trapping. The other was an attempt
to measure the gain for stimulated Raman emission, at very low fields, with a
continuous-wave argon laser. Our theoretical study explored electrostriction

s & mechanism for refractive index change. The conclusion of the study was
that electrostriction was probably important only in golids. We attempted to

detect trapping of the entire laser beam in water, benzene, trichloroethylene;

tetrachloroethylene, toluene, and 2-propanol using focused and unfocused beams,
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Qur photographs and measurements of beam diameter showed no evidence of entire
beam trapping in these ligquids. For later use, we measured the gain constant
for stimulated Raman emission in the 1004 cm-1 line of toluene7.

The experiment for measuring low field stimulated Raman gains was
the stimulated anti-Stokes experiment outlined in an earlier reportg. Briefly,
tihe idea was to cross, at the matching angle, the 4880 X and 5145 & argon
laser lines in a liquid with a strong Raman shift at the wavenumber difference
between these two lines (1057 cm-l). Stimulated anti-Stokes emission and
spontaneous anti-Stckes emission arising from the 4880 X line would be expect~-
ed to appear at 4642 L. The spontaneocus emission would be discriminated
against by chopping the 5145 8 1line only and using synchronous detection.

Before the anti-Stokes experiment could be tried, a number of
preliminary studies had to be made. An intensive literature search9 was made
to locate compounds with a strong Raman emission near 1057 cm-l. After pre-
liminary screening, the spontaneous Raman spectra of the most promising com-
pounds were obtained. The most promising of these were tested for stimulated
Raman emission with a Q-switched laserlo. In no case was stimulated Raman
emigssion observed near 1057 cm-l, but several of the substituted aromatics
(in particular « - chloronaphthalene and 1,3 dibromobenzene) were found to
give strong stimulated Raman emigsion at other frequencies. On the basis of
the strength and narrow breadth of its 1057 cm-1 line and the ease with which
it produced stimulated Raman emission at 1368 cm-l, a - chloronaphthalene
was chosen as the sample material for the experiment. 1Its dispersion was
carefully measuted on a large‘goniometer and matching anglea calculated.

An optical train was developed for detaching the 4880 R and 5145 §

argon lines from the other argon lines, crossing them at adjustable angles in
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sample and bringing any anti-Stokes emission to the spectrometer. A device¥*
was designed to suppress the ''lens affect" due to heating of the samples by
the laser beam.

Using the spontaneocus Raman data and the gain constant measured
in stimulated Raman emission in toluene, we estimated the yield of anti-Stokes
radiation expected in our experiment. This estimate was well within the range
of sensitivity of our experiment.

On trying the experiment, we found that Rayleigh scatter was so
strong, that stray light in our monochromotor effectively drcwned the weak
expected stimulated Raman emission anti-S:okes radiation. We were able to
show, however (Section II of this report), that had an anomalously large gain
been present, a signal would have appeared above noise.

At about this point in time, reports began to appear in the liter-
ature which seemed to explain the anomalous observed stimuleted Raman emission
as indeed being due to beam trapping.**

It was observed that beam trapping tends to occur in filaments,
rather than over the whole beamlz. (This is not true in CSZ’ where whole-beam
trapping has been observedla) Although the subject is still being debated, it
is probable that beam-trapping is indeed responsible for the observed anaomalous
gainsé. The quadratic Kerr effectla, rather than electrostriction, apparently
causes the refractive Index changes.

In view of this work, and in view of our own demonstration that
anomalous gain is absent in the low field case, it did not seem in the best
internsts of the contracting agency to pursue the actual measurement of the

low-field gain. While such an experiment would be perfectly feasible, the

knowledge that could be gained would not, at this point be worth the considerable

expenditures of time and money required.

*Patent applied for. 1
*%A yeview of the work to date is given by Minck, Terhune and Wang.

3
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The demonstration that anomalous gains were not present in our

experiment is given in Section II, following.

SECTION II
RESJULTS

The final optical train and detection systems used are shown in
Figure 1. The optical train shown in the 1 November 1965 - 31 January 1966
Quarterly Report 8 was modified by addition of a lens system to focus the
output onto a pinhole and a lens to image the pinhole of the slit of a Jarrell-
Ash 1/2 meter monochromator (Figure 1). The monochromator was set to the
proper wavelengti by viewing the spontaneous anti-Stokes emission (see below),
The matching angle could then be scanned by moving the mirror mounted on the
micrometer screw.

Use of this system guaranteed that the stimulated anti-Stokes
radiation would get through the optics and into the spectrometer. The outpit
from an EMI 6256SA phototube was fed through a PAR HR-8 lock-in amplifier
into a Sanborn 8803A recorder.

Measurements were carried out using the 1057 cm”1 Raman line of
@ - chloronaphthalene.

By chopping the 4880 X beam instead of the 5145 § beam, it was
possible to detect the spontaneous anti-Stokes line at -1057 cm-1 with a
signal-to-noise ratio of about 5:1 when a 25 mm thick sample cell was used.
With a 2 mm thick sample cell, nothing could be detected. This enables us at
least to put some upper limits on the amount of stimulated anti-Stokes radiation

that could have been detected with our system.
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With light of 4880 X and a lens of 7.3 cm focal length, the Fres-
nel volume is lO-ScmB. Since o - chloronaphthalene has a molecular mass of
163 and a density of 1,63 gm cm-q, the Fresnel volumne contains 6 x 1016 mole-
cules. The scattering cross-section for the 1057 cm-1 line should be about
10—29 cm2 per molecules. With 0.5 watt in the 4880 X line, the flux ZJensiiy
into the Fresnel cross-section is about 104 watts cm_z. The total power
scattered into the 1057 cm-l Stokes line from the Fiesnel volume is 6 x 1016 X
10-29 X 104 = 6 x 10-9 watts.

The aperture stop of the spon~aneous scattering was the light
baffle after the sample cell. This had a hole 1 cm in diameter placed 20 cm
from the sample cell. The subtended solid angle was, then, 3.14 x (0.5)2/400 =
0.002 steradian. The scattering from the spontaneous Stokes at 1057 cm-1 into

9

the spectrometer would have been 6 x 1077 x 0.002/4 = 10-12 watts. At 300°K,

for the 1057 cm-1 line, the scattering from the Fresnel volume into the spon-
taneous anti-Stokes is (7 x 10-3) X 10-12 =7 x 10-15 watts. (The Fresnel
length was about 0.2 cm, the length of the short sample cell.)

The spontaneous anti-Stokes scattering just calcuiated may be
compared with the expected value of 2.8 x 10-14 watts for stinulated anti-Stoke
emission calculated in the 1 November 1965 - 31 Janua~y 1966 Quarterly Report.
The latter figure was based on an estimated gain for stimulated Stokes emission
of 0.005 cm-1 at a field of 2.5 x 107 watts cm-2

We were unable to see either spontaneous (chopping 4880 X) or
stimulated (chopping 5145 X) anti-Stokes emission above noise, using the 0.2

cm sample cell. Our system was therefore not capable of seeing 10-14 watts

above noise.,

il

s

!
[I
i

STTIZTRPATSOOO P TIH Frtpn s bbbt




"

i

PERKIN ELMER Repore Ho- 8251
We were able to see the spontaneous anti-Stcokes emission using a

25 mm long sample cell. Due to uncertainties in the geometry, and the fact
that the illumninatirg flux density was not constant outside the Fresnel region,
the output from this cell cannot be estimated exactly . We know for certain
that it was less than 10 t.mes as great as that from the 2 mm cell, so that a
power output in the stimulated anti-Stokes emission of 7 x 10-1& watts or
more could have been detected with a signal-to-noise ratjo of 5:1. Taking
into account the uncertainties in our estimates, it seems that a stimulated
anti-Stokes signal of 2.8 x 10-14 watts should have been just at the edge
of detectability. Therefore, our gain for stimulated emission was less than
or equal to 4.25 x 10-6 cm-1 and we were not in the anomalous gain region.
(At the 2.5 x 107 watts cm-2 of the Q-switched laser experiment, the corres-

-1

ponding gain would be 0.005 cm ~.)
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